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 ,QWURGXFWLRQ
*HQHUDOO\VSHDNLQJVROXEOHSURWHLQDQWLJHQVZKHQDGPLQLVWHUHGLQWKHDEVHQFHRIDGMXYDQWVRUWKURXJK
WKHXVHRI VRSKLVWLFDWHGGHOLYHU\PRGDOLWLHV DUHSRRUO\ LPPXQRJHQLF DVPHDVXUHGE\WKHLU LQDELOLW\ WR
HOLFLWDQWLERG\DQGHVSHFLDOO\&'7FHOOV7KLVVKRUWFRPLQJUHTXLUHVWKHLUFRDGPLQLVWUDWLRQZLWKDQ
DGMXYDQWLQRUGHUWRHOLFLWDQLPPXQHUHVSRQVH2IWKHPDQ\H[SHULPHQWDODGMXYDQWVFXUUHQWO\DYDLODEOH
RQO\ VTXDOHQH RLOZDWHU HPXOVLRQV DQG DOXPLQXPEDVHG VDOW DGMXYDQWVKDYH VR IDU EHHQ DSSURYHG IRU
KXPDQXVH>@7KHXWLOL]DWLRQRIWKHVHDGMXYDQWVLVLQPRVWFDVHVKRZHYHU OLPLWHGE\WKHIDFWWKDW
DOWKRXJKWKH\PD\EHHIIHFWLYHDWHOLFLWLQJKXPRUDOUHVSRQVHVWKH\DUHRIWHQLQHIIHFWLYHDWVWLPXODWLQJ
FHOOSDUWLFXODUO\&'7FHOOPHGLDWHGLPPXQLW\
$QWLJHQLFUHFHSWRUV WKDWDUHH[SUHVVHGE\GHQGULWLFFHOOV'&VVXFKDVWKH7ROOOLNHUHFHSWRU 7/5
IDPLO\KDYHHYROYHGWRUHFRJQL]HDGLYHUVHUDQJHRIPLFURELDOFRPSRQHQWV7KHHQJDJHPHQWRI7/5E\
WKHLU DSSURSULDWH OLJDQGV RU DJRQLVWV LQLWLDWHV D FDVFDGH RI HYHQWV WKDW FDQ UHVXOW LQ WKH LQGXFWLRQ RI
DQWLERG\ DQG FHOOPHGLDWHG UHVSRQVHV DQG WKHLU XVH DV ³DGMXYDQWV´ ZKHWKHU DGPL[HG RU FRYDOHQWO\
FRXSOHGWRDQWLJHQVDUHZHOOGRFXPHQWHG> @:LWKWKHDLPRIGHYHORSLQJQRYHOZD\VRIDGMXYDQWLQJ
RWKHUZLVH QRQLPPXQRJHQLF DQG VROXEOHSURWHLQVZH VHW RXW LQ WKLV VWXG\ WR LQYHVWLJDWHZKHWKHU WKH
HOHFWURVWDWLF OLQNDJH RI WKH 7/5 DJRQLVW GLSDOPLWR\O6JO\FHU\OF\VWHLQH 3DP&\V >@ WR SURWHLQ
DQWLJHQV DVRSSRVHG WR D FRYDOHQWFRQMXJDWLRQ UHVXOWV LQ WKH HQKDQFHPHQWRI SURWHLQ LPPXQRJHQLFLW\
5REXVW QRQFRYDOHQW DVVRFLDWLRQ EHWZHHQ SURWHLQ DQG DGMXYDQW ZRXOG SURYLGH D PDQXIDFWXULQJ
DGYDQWDJH FRPSDUHG ZLWK WKH FKHPLVWULHV LQYROYHG IRU FRYDOHQW DWWDFKPHQW DQG ZRXOG IXUWKHUPRUH
SURYLGHDVLPSOLILHGDSSURDFKWRYDFFLQHSUHSDUDWLRQ
5HVXOWV
 %UDQFKHGHOHFWURVWDWLFDOO\FKDUJHGOLSRSHSWLGHV
,Q RUGHU WR IDFLOLWDWH ILUP DVVRFLDWLRQ RI 3DP&\V ZLWK SURWHLQ DQWLJHQ WKH OLSLG PRLHW\ ZDV
DVVHPEOHG ZLWK D EUDQFKHG FDWLRQLF DUJLQLQH 53DP&\V RU DQLRQLF JOXWDPLF DFLGEDVHG VWUXFWXUH
(3DP&\V5HI GHVLJQHG WR ELQG HOHFWURVWDWLFDOO\ WR QHJDWLYHO\ FKDUJHG RU SRVLWLYHO\FKDUJHG
DQWLJHQVUHVSHFWLYHO\)LJXUH$(OHFWURVWDWLFDVVRFLDWLRQRIOLSRSHSWLGHDQGSURWHLQZDVGHPRQVWUDWHG
E\ WKH DGGLWLRQRI HLWKHU OLSRSHSWLGH WRVROXWLRQVFRQWDLQLQJ D FRQVWDQW DPRXQW RI WKHSURWHLQ DQWLJHQ
RYDOEXPLQ29$ZKLFKFDUULHVD QHWQHJDWLYHFKDUJH ,QFUHDVHVLQ WKHRSWLFDO GHQVLWLHVRIVROXWLRQV
DULVLQJ IURP WKH QHXWUDOLVDWLRQ RI FKDUJHV WKH SURWHLQ ZDV RQO\ GHPRQVWUDWHG LQ WKH SUHVHQFH RI WKH
RSSRVLWHO\FKDUJHGOLSRSHSWLGH53DP&\VDQGEXWQRWZLWK(3DP&\VOLSRSHSWLGH)LJXUH%
)LJXUH 6FKHPDWLF UHSUHVHQWDWLRQ RIFKDUJHG OLSRSHSWLGHVDQG DVVRFLDWLRQZLWKSURWHLQDQWLJHQ $7KH OLSRSHSWLGH53DP&\V
FRQVLVWVRIDWLHUEUDQFKLQJO\VLQH.VFDIIROGWRZKLFKDUHDWWDFKHGDUJLQLQH5UHVLGXHVDQGWKHOLSRSHSWLGH(3DP&\VFRQVLVWV
RIDWLHUVFDIIROGWRZKLFKJOXWDPLFDFLG(UHVLGXHVDUHDWWDFKHG,QHDFKOLSRSHSWLGHWKHOLSLGPRLHW\3DP&\VLVDWWDFKHGWRWKH
HDPLQRJURXSRIWKH&WHUPLQDOO\VLQH%,QFUHDVLQJDPRXQWRIHDFKOLSRSHSWLGHZDVPL[HGZLWKQPROHRI29$LQDWRWDOYROXPHRI
O3%6LQDIODWERWWRPZHOOSODWH2SWLFDOGHQVLWLHVRIVROXWLRQVZHUHWKHQPHDVXUHGDWQP
 ,QGXFWLRQRIDQWLERG\	FHOOPHGLDWHGUHVSRQVHV
,Q H[DPLQLQJ 7 FHOO UHVSRQVHV LQGXFHG E\ YDFFLQDWLRQ RI DQLPDOV ZLWK OLSRSHSWLGHSURWHLQ
IRUPXODWLRQV VLJQLILFDQWO\ KLJK QXPEHUV RI DQWLJHQVSHFLILF F\WRNLQH SURGXFLQJ &' 7 FHOOV ZHUH
GHPRQVWUDWHG LQ DQLPDOV WKDW UHFHLYHG 29$ IRUPXODWHG ZLWK 53DP&\V EXW QRW (3DP&\V
)LJXUH$ 7KLV UHVXOWZDV DOVR UHIOHFWHG LQ WKH DELOLW\ RI YDFFLQDWHGDQLPDOV WR O\VH&)6(ODEHOOHG
DQWLJHQEHDULQJ WDUJHW FHOOV LQ YLYRZKHUHRQFHDJDLQ53DP&\VEXWQRW(3DP&\V OLSRSHSWLGH
ZDVPRUHHIIHFWLYH)LJXUH%7KHLQGXFWLRQRIDQWLERG\UHVSRQVHVKRZHYHULVQRWWRWDOO\GHSHQGHQWRQ
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WKLVDVVRFLDWLRQVLQFHYDFFLQDWLRQZLWKHLWKHU OLSRSHSWLGHIRUPXODWHGZLWKSURWHLQFRXOGHOLFLWVLPLODUO\
VWURQJDQWLJHQVSHFLILFDQWLERG\WLWUHV)LJXUH&
)LJXU
H 
,QGXF
W L RQ R I
LPPX
Q H
UHVSRQVHVLQGXFHGE\YDFFLQDWLRQZLWKOLSRSHSWLGHVLQDVVRFLDWLRQZLWKSURWHLQDQWLJHQ$*URXSVRI&%/PLFHZHUHLQRFXODWHG
VXEFXWDQHRXVO\VFDW WKHEDVHRIWKHWDLOZLWKJRI29$DORQHRUSUHLQFXEDWHGZLWKDIROGPRODUDFFHVVRIHDFKOLSRSHSWLGH
6SOHHQV ZHUH UHPRYHG  GD\V ODWHU DQG ,)1J DQG 71)D VHFUHWLRQ IURP 29$VSHFLILF &' 7 FHOOV ZHUH HQXPHUDWHG LQ DQ
LQWUDFHOOXODUF\WRNLQHVHFUHWLQJDVVD\,&6%29$VSHFLILFLQYLYRO\WLFUHVSRQVHVZHUHDOVRDVVHVVHGE\LQWUDYHQRXVLQMHFWLRQVRI
&)6(KLJKODEHOOHG29$SXOVHGVSOHQRF\WHVIURPDQDwYHPRXVH6SOHHQVZHUHUHPRYHGKRXUVODWHUDQGDQDO\VHGIRUWKHSUHVHQFH
RI &)6(ODEHOOHG FHOOV E\ IORZ F\WRPHWU\ &0LFHZHUH DOVR LQRFXODWHG WZLFH ZHHNV DSDUW DQG DQWLERG\ OHYHOV LQ VHUDZHUH
GHWHUPLQHGE\(/,6$ZHHNVIROORZLQJWKHODVWGRVH
 $QWLJHQXSWDNHE\GHQGULWLFFHOOVDQGWUDIILFNLQJLQWRGUDLQLQJO\PSKQRGHV
$ FRPSDULVRQ RI WKH OHYHOV RI LQWUDFHOOXODU DQWLJHQ SUHVHQW LQ '&V DIWHU LQFXEDWLRQ ZLWK
),7&ODEHOOHG 29$ PL[HG ZLWK HDFK OLSRSHSWLGH VKRZHG WKDW 53DP&\V ZDV FRQVLGHUDEO\ PRUH
HIIHFWLYH WKDQ(3DP&\V DW LPSURYLQJDQWLJHQXSWDNH)LJXUH$7KLVUHVXOWDOVRFRUUHODWHGZLWK
WKH DELOLW\ RI WKH OLSRSHSWLGHV WR IDFLOLWDWH WKH WUDIILFNLQJ RI DQWLJHQEHDULQJ GHQGULWLF FHOOV LQWR WKH
GUDLQLQJO\PSKQRGHVRIDQLPDOVDIWHUYDFFLQDWLRQ)LJXUH%
)LJXUH  8SWDNH RI OLSRSHSWLGHSURWHLQ DQWLJHQ DQG
WUDIILFNLQJLQWRWKHGUDLQLQJ O\PSK $ 6SOHQRF\WHGHULYHG
FXOWXUHG'&VîZHUH LQFXEDWHG ZLWK J ),7&ODEHOOHG
29$ PL[HG ZLWK 53DP&\V RU (3DP&\V
,QWUDFHOOXODU IOXRUHVFHQFH ZDV GHWHUPLQHG  KRXUV ODWHU E\
IORZ F\WRPHWU\ DIWHU TXHQFKLQJ H[WUDFHOOXODU
IOXRUHVFHQFHZLWKWU\SDQEOXH%*URXSVRIPLFHQ ZHUHLQRFXODWHGVFYLDWKHIRRWSDGZLWKJ),7&29$PL[HGZLWKHLWKHU
OLSRSHSWLGH3RSOLWHDOO\PSKQRGHVZHUHREWDLQHGKRXUVODWHUDQGDQDO\VHGIRUWKHSUHVHQFHRI),7&FHOOV
 &OHDUDQFHRILQIHFWLRQXSRQSXOPRQDU\FKDOOHQJHZLWKFKLPHULFLQIOXHQ]DYLUXV
7KH HIIHFWLYHQHVV RI WKH &' 7 FHOO UHVSRQVHV HOLFLWHG E\ YDFFLQDWLRQ XVLQJ SURWHLQ PL[HG ZLWK
53DP&\V LVEHVWH[HPSOLILHGE\WKHDELOLW\RIYDFFLQDWHGDQLPDOVWRFOHDUSXOPRQDU\LQIHFWLRQDIWHU
FKDOOHQJH ZLWK D FKLPHULF LQIOXHQ]D YLUXV FRQWDLQLQJ WKH 29$ LPPXQRGRPLQDQW HSLWRSH LQ WKH
QHXUDPLQLGDVH VWDON >@ 2QO\ DQLPDOV WKDW ZHUH UHFHLYHG 29$ PL[HG ZLWK 53DP&\V KDG
VLJQLILFDQWO\ GLPLQLVKHG YLUDO WLWUHV LQ WKHLU OXQJV FRPSDUHG WR WKRVH WKDW UHFHLYHG 29$ RU WKH
OLSRSHSWLGH DORQH )LJXUH $$QDO\VHV RI O\PSKRF\WHV FRQWDLQHG LQ EURFKRDOYHRODU ODYDJHZDVKLQJV
DOVR GHPRQVWUDWHG WKDW WKH ORZHU OXQJ YLUDO WLWUHV ZHUH DVVRFLDWHG ZLWK WKH SUHVHQFH RI VLJQLILFDQWO\
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KLJKHUQXPEHUVRIF\WRNLQHVHFUHWLQJDQWLJHQVSHFLILF7FHOOV)LJXUH%
)LJXUH  ,QGXFWLRQ RI LQIOXHQ]D YLUXV FOHDULQJ UHVSRQVHV *URXSV RI &%/PLFH ZHUH LQRFXODWHG WZLFH  GD\V SDUW YLD WKH
LQWUDQDVDO URXWHZLWKJRI29$RUSUHLQFXEDWHGZLWKDIROGPRODUDFFHVVRI53DP&\V$QLPDOVZHUHFKDOOHQJHGZLWK
SODTXHIRUPLQJXQLWVRI$+.îLQIOXHQ]DYLUXVFRQWDLQLQJWKH29$ HSLWRSHLQWKHQHXUDPLQLGDVHVWDON$7LWUHVRIYLUXVLQOXQJ
KRPRJHQDWHVFROOHFWHGGD\VDIWHUFKDOOHQJHZHUHGHWHUPLQHGE\SODTXHIRUPDWLRQ%/\PSKRF\WHVSUHVHQWLQOXQJEURQFKRDOYHRODU
ODYDJHVZHUHDOVRHQXPHUDWHGLQDQ,&6DVVD\IRUWKHLUDELOLW\WRVHFUHWHF\WRNLQHVLQUHVSRQVHWRWKHSUHVHQFHRIDQWLJHQ
 &RQFOXVLRQV
)URPWKHVHULHVRIH[SHULPHQWVFRQGXFWHGLQWKLVVWXG\>@ZHKDYHIRXQGWKDWWKHLPPXQRJHQLFLW\
RI DQ RWKHUZLVH QRQLPPXQRJHQLF SURWHLQ FRXOG EH PDUNHGO\ HQKDQFHG LI OLQNHG QRW FRYDOHQWO\ EXW
HOHFWURVWDWLFDOO\WRDFKDUJHGEUDQFKHGOLSRSHSWLGHFRQWDLQLQJWKH7/5WDUJHWLQJOLJDQG3DP&\V:H
UHDVRQWKDWDOLSRSHSWLGHWKDWKDVFKDUJHGDPLQRDFLGVIDVKLRQHGLQDEUDQFKHGPDQQHUZRXOGSURYLGHD
WHQWDFOHOLNH VWUXFWXUH FDSDEOH RI DVVRFLDWLQJ HOHFWURVWDWLFDOO\ ZLWK RSSRVLWHO\ FKDUJHG SRUWLRQV RI D
SURWHLQ WR GLUHFW WKHLU GHOLYHU\ WR 7/5 H[SUHVVLQJ GHQGULWLF FHOOV )RU FHOOPHGLDWHG UHVSRQVHV RQO\
LQRFXODWLRQ ZLWK HOHFWURVWDWLFDOO\ DVVRFLDWHG OLSRSHSWLGHDQWLJHQ FRPSOH[HV ZDV HIIHFWLYH DW HOLFLWLQJ
&'7FHOOVWKDWFRXOGPHGLDWHDFFHOHUDWHGFOHDUDQFHRIYLUXVIURPWKHOXQJVRIPLFHFKDOOHQJHGZLWK
LQIOXHQ]DYLUXV7KHLQGXFWLRQRIDQWLERG\UHVSRQVHVRQWKHRWKHUKDQGZDVQRWWRWDOO\GHSHQGHQWRQWKLV
DVVRFLDWLRQDVYDFFLQDWLRQZLWKVLPLODUO\FKDUJHGFRQVWLWXHQWVDOVR UHVXOWHGLQ WKHLQGXFWLRQRIVWURQJ
DOEHLWORZHUDQWLERG\WLWUHV
7KHUH DUH VHYHUDO DGYDQWDJHV LQ XVLQJ WKHVH OLSRSHSWLGHV WR HQKDQFH SURWHLQ LPPXQRJHQLFLW\ LQ D
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